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Id. Abstract / 

■ The study of the effect of space factors, especi§.lly weight- 
lessness, on man, taking into account prophylactic measures 
and devices to counteract that effect was part of the program 
for -2 flights on the Salyut-5 orbital station. Information 
from the equipment on board was transmitted telemetrically 
including: an electrocardiogram; a sphygmogram of carotid, 

and femoral arteries; a klnetocardlogram; a tacho-oscillo- 
gram of the humeral artery, perimetric oscillations of the 
femur, venous pulse and pressure in the jugular veins, vital 
capacity of the lungs-, respiration rate and lung ventilation. 
Stress factors, metabolism, biological and bacteriological 
and other tests were included. A comparison was made- betweer 
these data and pre and postflight test results^ 
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Translator’s Notation: Abbreviations and acronyms used in the text 


AMO' — 
AOP — 
AP — 
CDR — 
DI — 
PCC — 
HP — 
IE — 
IIOS — 
IPS — 
LBNP — 
LDH — 
MV — 
QBE — 
OP — 
0-BS ~ 
OS — 
PC — 
PE — 
PPPS— 
REG — 
RPPW— 
RR — 
SDH — 
SI — 
SPR — 
StI — 

syi — 

Syr — 
VCO2-- 


Mode amplitude 
Antiorthostatic position 
Arterial pressure 
Commander ^ 

[Diastolic index]"^ 

Frequency of cardiac?- contractions 

Horizontal position 

Isoenzyme 

Integral index of orthostatic stability 

Inflatable prophylactic suit 

Lower body negative pressure 

Lactic dehydrogenase 

Minute volume 

On-board engineer 

Oxygen pulse 

Orbital planetary station 
Orthostatic stability 
Phosphocreatinase 
Expulsion period 
Postflight prophylactic suit 
Rheoencephalograph 

Rate of propagation of the pulse wave 
Respiration rate 
Sorbitodehydrogenase 
Stroke index 

Specific peripheral resistance 
Stress index 
StrokelvolmmeexJ 
[Systolic index] 

Volume of CO 2 


Ve — Elastic vessels 

Vm — Muscular vessels 

VO 2 — ^2 


^ .indicate that the acronym was not defined in the text or in 
reference materials, but probably stands for that term. 
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BASIC RESULTS OP THE MEDICAL RESEARCH CONDUCTED DURING THE 
PLIGHT OP TWO CREWS ON THE SALYUT-5 ORBITAL STATION 

Anonymous 


•According to the Soviet program for mastery of near-earth cos- 
mic space in 1966-77, flights of two crews were mMe on the Salyut 
5 orbital station: 

- from July 6 to August 24, 1976, a 49-day flight of a crew 
made up of crew commander B.V. Volynov and on-board engineer 
V.M. Zholobov; 

- from February 8 to 26, 1977 - an l8-day flight of the crew 
made up of commander V.V. Gorbatko?.and on-board engineer Yu.N. 
Glazkov. 

The program of both flights had a broad scientific character. 
It was set up with a large number of varying experiments Intended 
to solve scientific and national economy problems. One of the 
sections of this program was the study of the effect on man's 
organism of factors of space flight taking into account the use 
of a complex of measures directed at preventing the adverse 
effects of weightlessness. 

The arsenal of devices and methods used in the Soviet space 
programs for prophylaxis of adverse changes in the organism due 
to weightlessness assonef ofvth'eAleadihg -physical fac.tbrs’of space 
flight, is basically defined at the present time. These devices 
and methods have already been used earlier with a,. positive'' effect '■ 
during preceding flights on the Salyut type orbital stations. 

On the Salyut-5 station, a complex of devices and methods 
indicated included: 

- a complex training mock-up for physical exercises ("a 
running track," a collection of spandrel frames, a system for 
creating axial load, etc.); 

- load suits for constant wearing; 

- vacuum capacity for creating negative pressure on the lower 
Wlf of the body; 
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- on-board first aid kit; 

- post[ flight , prophylactics. suit ^FPSX' 

Daily operative medical control and periodic medical examina- 
tions and studies are planned -for the program of medical supervi- 
sion of these flights as for flights on other orbital Salyut type 
stations. 

Operative (current) medical control for the general condition 
and state of health of the cosmonauts is accomplished using tele- 
metric methods, and also on the fciasis of data of radio exchange 
and televised observations. The following wei!a_ transmitted to the 
ground measuring posts: electrocardiograms _at D-S contact point 

(side-side), selsmocardlograms , breathing rate and temperature of 
the body (submuscular ) . According to the program, both cosmonauts 
had to be constantly hooked up to the equipment continuously dur- 
ing the first three days of flight; later on, the cosmonauts were 
attached to the apparatus in turn each day, once in hours. 
Moreover, daily, usually before sleeping, the crew transmitted to 
Earth a brief report for the preceding _day as to their state of . 

health, sleep, appetite, eHmihation functio^^^ .and also 

data on pulse rate and the size’ of "arterial pressure" ("measured 
by the cosmonauts themselves using an ordinary clinical sphygmo- 
manometer) . 

The periodic medical^-exarainations envisaged recording a 
broader spectrum of physiological Indices, both in-‘the state of 
operative rest, and during different types of measured load 
.tests. As a rule, these examinations were carried out at>-- the ' same 
time of day as in the pref light • i Pon a detailed study of the state 
of the cardiorespiratory system, an on-board apparatus, the /3 

Polinom 2-[letters illegible in the text] apparatus was used which 
made it possible to transmit telemetrlcally the electrocardiogram 
with 12 contact points, a sphygmogram of carotid and femoral 
arteries, a kinetocardiogram, a tacho-oscillogram of the humeral 
artery, perimetric oscillations of the femur, yenous pulse and 
pressure in the jugular veins, vital capacity of the lungs, res-r. 
piration rate, breathing volume and breathnmg minute volume (lung 
ventilation) . 

Rheographic studies were (Conducted using a Levkoy apparatus ; _ 

a rlLeo-^enceplialogr^V a ^heopheumogfam. 

The following were used as load test effects: 

- physical load in the form of a 4-mlnute run on the "running 
track" at a rate of I 5 O-I 6 O steps per minute; 

- negative pressure on the lower half of the body (LBNP) at a 
size of 25 mm mercury column for 2 minutes and 35 mm mercury column 
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for 3 minutes. 

Moreover j the program of scientific and medical research en- 
visaged periodic :.ci 

- taking and saving of a sample of capillary blood (from the 
palm) for subsequent analysis in ground conditions '(postflight); 

- measurements of the body mass on the ©n-board instrument 
with telemetrlcally transmitted indices to Earth;' 

- determining taste sensitivity and the pH of the saliva; 
and also conduct of certain psychophysiological studies. 

In this way, the volume of medical observation and medical 
research made it possible to discover changes occurring in the 
organism of the cosmonauts due to physical factors of flight and 
the complex on-board devices made it possible to correct these 
changes. 

Preventing possible adverse changes in the general condition 
and general work capability of the crew was accomplished [words 
Illegible in the original text], regulated regime of work, rest 
and eating periods. 

The planned schedule for the station envisaged : 

- an 8-hour uninterrupted sleep for both members of the crew 
at the same time; 

- self-service operations - 8 hours Including: 

physical training - 2 hours 30 minutes 

taking nourisment - 2 hours 15 minutes 

personal hygiene - 30 minutes 

personal time 2 hours 45 minutes 

- work - 8 hours . 

In accordance with medical recommendations directed at main- 
taining high work capability of the crewmembers and timely restora- 
-tion of strength after stressful activity, the time devoted to 
controlling the spacecraft and its systems, carrying out various 
experiments and observations (including the medical research) and 
each professional activity, that is, the total budget of working 
time amounted to from 42 to 48 hours a week with one free day. 

This free day or rest day for the cosmonaut:-'made it possible for 
him to do as he pleased except for operat-ldnsrnecessary-'^for ■) , 
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maintaining the work capability of the station and certain medical 
studies. 


Comfortable conditions for living and work of the cosmonauts 
were maintained for the entire flight on the station. 


The hygienic parameters of the station atmosphere were: 


- total barometric 

- partial pressure 

- partial pressure 
dioxide pCO^ 

- humidity 


pressure - 830 - 87~Q, mm mercury column' 

of oxygen PO2 - 169 - 210 mm mercury column 


of carbon- 

- l.ly- 9.6 mm mercury column 

- 6.5 - 11-5 roni mercury column 


- air temperature 


- 16° - 26° 


In accordance with the results of preceding flights , the 
caloric intake for the daily ration was reduced to 3000 kcal 
(2900 - 3100 kcal). Six variations of the daily menu are planned ^ 
besides the previous four and also reheating was introduced not 
only for the food tubes and cans but also for the bread; both 
crews considered this an advantage. According to the wishes of 
the crew, seasonings of a type of spicy sauce.' were introduced. 

They also received a positive evaluation from'/the'-cosmonauts . 


General Results of the Plight 


Carrying Out of the Schedule of the Day 


In order to correctly interpret the :'i medic alada'tar obtained in 
the' flight and in the postflight period, and also ihvjorder to 
understand the evaluation of the flight by the cosmonauts themslves, 
it is necessary first of all to know how the cosmonauts worked, 
that is, to consider the workload of the crew in flight, the 
planned schedule of the day carried out by them. 

One should note that both crews in the initial flight period 
had difficulties in carrying out the work and rest regime Intended 
before the flight. This involved an increase in time; actually, 
the time expended by the crews on certain work operations-, in 
, comparison with that planned, was/' increased in the first days of 
flight in the period of initial adaptation to weightlessness. 
However, the crews themselves had a noticeable adjustment in 
fulfilling both the planned obligatory operations and experiments 
and also the additional reserve operations. Attempting by all 
possible means to fulfill and sometimes to overfulfill the full 
program of work resulted In the fact that the crews cut down on 
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eating time, rest,, physical training and even sleep. On some days, 
the work load of the crews f: amounted to 13-1^ hours; then they also 
used their personal time which had been set aside according to the 
schedule for rest, and the free days planned for them were used 
only partially. 

Distribution of time between the basic partstof. 'then work -and 
rest regime and the relationship between the planned and actual 
time expended are shown in Figures 1 and 2.. 

Insufficient sleep is particularly characteristic of the first 
crew (Volynov-Zholobov) where the total deficit of sleep for the 
flight amounted to about 90 hours for each cosmonaut. This appar- 
ently also Involved the psybhologlcal characteristics of the 
spacecraft commander who possibly made too detailed testing of the 
condition of the station, making it necessary for him and his 
flight engineer to lose even more sleep , naturally . 

In order to have more time for work, the cosmonauts often put 
part of their 24-hour food ration in their pockets and ate 
directly at the work location not Interrupting observations and 
recordings. ,! 

Unfortunately, the "savings" in time also cut into the physical 
tralnding time. This appli ed p artlcjularly to the second crew 
(Gorbatko-Glazkov) who P^xp ended" their strength on a relatively 

short flight. They used only 50 % of the planned time for physical 
training. 

Work in such a regime, with such high | e fficienc y ‘provided 
successful completion of the fli’ght program; " however , in a definite 
way it affected the state of health and functional state of the 
cosmonauts. Noticeable changes in well-being (especially the 
appearance of feelings of fatigue) and objective shifts in the 
functional state of the crewmembers had a very clear direct connec- 
tion to the intensity of preceding activity. 

On the whole, the crews themselves understood this. After /9 
completion of a flight, the commander and the on-board engineer 
of the second crew (CDR^ and OBE-2) unanimously estimated that 
they could have operated perhaps only for 7-10 days in.. such a 
regime. No wonder, in distinction from 'the first crew, they began 
to notice fatigue at the end of the working, day even in the 
second day of flight (the first crew - only after a week). 

i 

Evaluations of Flight by the Crews 


The cosmonauts almost uniformly and very similarly to their 
predecessors described- transition to weightlessness and the period 
of initial adaptation. Each one, of course, had his own peculiarities , 
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Thus, although ; TTe^t ihular dysfunctions, symptoms of motion or 
rocking sickness did not occur in one of the four, both members 
of the first crew during transition to weightlessness noted the 
illusion of perceiving change in position. The CDRrl felt as if 
'there was a backwards somersault, then the spacecraft (Soyuz .) 
flew in an inverted position; when looking out ■ the- porthole at 
Earth, the illusion of the inverted position disappeared." For 
the on-board engineer (OBE-1) when going into orbit, "the craft 
sloped forward at 90°. " 

It is interesting that the illusions mentioned created a cer- 
tain amount of difficulty for the crew with manual docking and 
joining to the station in such a way that it was like the first 
flights on an airplane in clouds or fog. 

The impression is created that, as in other flights, in this 
case a mutual inductionof the crewmembers or a group reaction 
occurred: both members of the fi.rst crew underwent short-term 

losa^^^ofi^tatioh when transferring from the trans~p6 rt ' craft 

to the station and the’ reverse .' The GKR-1 explains this By the 
fact that on the station "below," the " floor "^wa"s located along 
the length of the axis whereas in the transport- spacecraft "below" 
was perpendicular to it. Therefore, "surfacing" from the launch 
apparatus of the transport spacecraft "upward" through the orbital 
s'sctlon and transition lock to the station, the cosmonaut suddenly 
seems to be "swimming" over the "floor" of the station, that is, /lO 
everything has turned by 90° . 

It is necessary to point out that earlier such an effect, 
although less clear, was described only by members of the first 
crew of the Salyut-4 station, Gubarev and Grechko. But they 
(and again both of them) perceived a similar vestibular dysfunction 
only when transferring from the station to the transport space- 
craft and this did not occur at all with the reverse transfer. 

The second crew OPS of the Salyut-5 (Gorbatko-Glazkov) did not 
note such illusions . 

Both crews, like many other cosmonauts, perceived a rush of 
blood to the head. The clarity and length of this sensation 
differed in different cosmonauts. 

CDR-l perceived the rush of blood to the head only weakly , 
although redness of the face and bulging of the face veins, neck 
'and upper part of the chest was noted. A rush of blood was not 
accompanied by a headache and did not affect work. The cosmonaut 
complained onlyoof stuffiness of the nose and slight rhinitis'; 
however, these manifestations may be more due to a slight cold 
from the ventilator than from the rush of blood. 
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OBE-1 noted a definite rush of blood to the head, which he began 
to perceive after 4-^5 hours after going into orbit and it gradually 
Increased reaching a •maximum, on the second day. He had a slight 
headache. Gradually, the feeling of the head being too full began 
to slacken and by the fifth day, the cosmonaut stopped noticing it. 

In members of the second crew on the other hand, the rush of 
blood to the head was accompanied by a feeling of "heaviness,” 
and also a headache. These perceptions and the headache lasted 
fairly long but at the end of the first week they were used to it 
and stopped giving it attention. Edema of the face and neck was 
very obvious, especially if one considers that both cosmonauts 
are round faced and not distinguished by leanness. /II 

All of the cosmonauts both in the first and in the second 
expeditions complained of the dryness of the air. Particularly 
unpleasant was the sensation of dryness in the nose. The skin 
became rough! After the flight, the cosmonauts observed- a degree 
of hyperkeratosis during 5-7 days; because of this ,.'‘removal of 
thickened sections of skin occurred. 

The period of initial adaptation to weightlessness wasr-charac- - 
terdzed also by a certain ’disco ordinal ion of motion as had been 
observed in all preceding flights. Proportioning of effort, 
coordination of motions with variables were salvaged at the end 
of the first week of flight. 

As was already Indicated In both crewmembers, a lack of sleep 
was noted particularly in the first crew. CDR-1 slept 2-4 hours 
on certain days. In truth, in these cases he attempted to cut down 
the time in sleep 1-1.5 hours per day. The sleep usually was very 
refreshing, the head became clear, fa.tlgue disappeared, and work 
capability increased. 

As to appetite, it remained good in all the cosmonauts. In 
truth, the first crew noted a change in taste: they stopped eating 
cheese,, its odor irritated them. Moreover, with the development of 
fatigue at the end of the flight, the appetite of 0BE-1 decreased. 

The food, in general, was satisfying although after Intense work 
and after a good workout on the physical training unit, the crew 
sometimes added somewhat to the ration from the reserve supplies - 
In spite of a sensation of dryness in the mouth, not one cosmonaut 
suffered from thirst, but drank water as usual. /12 

The natural .elimination functions in all the cosmonauts were 
regular and caused no difficulties. The stool was usually daily, 
urine elimination was 4-6 times in 24 hours. Only OBE-2, on the 
first and second days of flight, was worried- that possibly the 
stool was hard and took a preventative laxAtive. 
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Medications were used as needed:- for a headache (Analgin, 
sometimes Bromedole), small injuries, inf lanimation around’ the 
nails (Oxy.cort ointment), sleep disorder so' during fatlgUeC (Phenybut , 
Eunoctin) . The use of Etaminal-sodium by the commander of the 
first crew has already been noted. 


Results of Medical Studies 


According to the data of operative medical control, changes in 
the rate of cardiac contractions and elements of the EKG complex 
at D-S point tr6f contact, corresponded both to observations made 
in preceding flights and to peculiarities inherent in the cosmonauts 
and noted in preflight examinations. 

The commander of the first crew, B.V. Volynov (CDR-1): horizon- 
tal axis of the heart, episodic singular extrasystoles at rest. 

The on-board engineer of the first crew, V.M. Zholobov (OBE-1): 
bradycardia, increase in the time of intra-gastrlc conductivity 
to O!; 11-0. 12 s, calcification of the papilla of theodiiii'ces 
of the right kidney (X-ray discovery) without clinical manifesta- 
tions and without a disturbance of the kidney function. 

The commander of the second crew, V.V. Gorbatko (CDR-2): 
transitory decrease of the S-T segment and the T wave on the EKG 
without clinical manifestations and negative dynamics, occasional 
singular extrasystoles at rest, thickening of mucosa of the walls 
of both maxillary sinuses without clinical manifestations. 

The oneboard engineer of the second crew Yu.N. Glazkov (OBE-2) : /13 
single, occasional extrasystoles at rest. 


On the active part of the flight, maximum values of pulse 
rate were: CRD-1 - 100, OBE-1 - 108, CDR-2 - 132, OBE-2 - 84B/min. 

In flight, significant variations in amplitude of the T 'wave 
were observed in the CDR-2; sometimes at the end of the day, it 
decreased becoming 15-17 times smaller than the R wave. ' 

Similar manifestations in him occurred before flight and in flight 
the variations in size becamec somewhat greater. It is possible 
that this was due to the development of compensatory fatigue at 
the end of the working day. 

In the OBE-2, in flight, as in the preflight period, occasion- 
ally single extrasystoles were recorded - 3 in the first week of 
flight and 9 in the next 10 days. 


According to the data of statistical processing of dynamic 
series of R-R intervals (not less than 100 intervals in each block) , 
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characteristic histograms were analjrzed: Mode (Mo), amplitude 

of the mode- CAMo), variational peak-to^peak value (AX) and stress 
index (SI = AMo* • y 
^ 2AXM0^‘ 

tRI high values of the SI which indicate an Increase in stress 
of regulatory mechanisms, were noted in the section of introducing 
and fulfilling important dynamic operations (approach and docking). 

The SI values Increased also in the evening hours which attested 
to the stress state of physiological functions and supported 
statements by the cosmonauts as to feelings of fatigue appearing 
at the end of the working day. 

Periodic more intense examinations of the cardiovascular system 
and blood circulation as a whole made it possible to evaluate 
changes occurring in them in more detail. /14 


During most of the examinations of both crews in flight, the 
final and lateral systolic arterial pressure was higher than pre- 
flight by 15-20 mm mercury column, (Table 1). In the OBE-1 and 
OBE-2, also an increase was noted in the mean dynamic pressure 
at lQ-12 mm mercury column. 

As it was reported earlier, including in the periodic scientific 
press, arterial pressure in the crewmembers of the orbital stations 
of the Salyut type, after a period of initial.' adaptation, normalized 
fairly rapidly. Its retention at an increased level during the 
entire flight for the crew of the Salyut-5 station, should be re- 
evaluated as a result of high work and emotional stress. 

Indices of -stroke (SV) and minute (MV) volumes of blood were 
maintained in flight at the level of maximum preflight values or 
even somewhat exceeded them. Then, the rate of cardiac contractions 
in CDR-1 and CDR-2 changed within the limits of preflight values . 

The FCC increased somewhat in the CDR-1 in 28 days, when a worsen- 
ing of his condition was observed which was indicated by the MV 
size. 


ThDthe OBE-1, obviously, due to the gradual asthenia of the 
FCC on the second half of the flight, his ordinary indices became; 
noticeably higher. 

The rate of propagation of the pulse wave in the aorta (RPP¥), 
as a whole, also had a tendency to Increase. This is especially 
'noticeable in the OBE-1. 

Changes in blood pressure in the Jugular vein are very interest- 
ing; this, in the opinion of the researchers, must be an objective 
index of redistribution of blood in the upper half of the body, 
an index of the uneven filling of the head with blood, which all the 
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cosmonauts talked about. As was reported earlier, in the second 
crew of the Salyut-4 orbital station, (Klimuk-Sevast ’yanov) , blood / 16 
pressure in the jugular vein at.‘>43 — 44 days of flight, was nor- >,i 
malized to a considerable degree and in certain studies it was 
somewhat lower than the initial. In distinction from these, in 
the CDR-1 and particularly in the OBE-1, venous pressure re-' 
mainGd elevated for the extent of the entire flight. In the 
second crew, filling of the jugular veins with blood and the 
pressure in them was also increased, but, it is necessary to 
take into consideration that the length of their flight was con- 
siderably less than the time period when most data noted the 
appearance of fairly complete adaptation to weightlessness. 

The appearance of venous stasis in the base of the head 
was noted in the first crew also, according to the data of 
focussed rheography with positioning of the electrodes at the 
[Tronta'^ oGclpital projection. Then, the venous components of the 
rheograra of the CDR-1 at 46 days of flight, were less clear than’ 
at 17 days. In the OBE-1, on the other hand, at 45 days, they 
increased in comparison with 25 days. 

One should note, that in distinction from the CDR-1, in 
whom, according to the head rheogram, an increase in tonus of 
the arterial vessels was observed, in the OBE-1, the tonus of 
arterial vessels of the head at the end of the flight decreased 
significantly. The decrease in arterial tonus, in combination 
with the size of venous stasis noted above, is considered less 
favorable. At the same time, in this period, he began to have 
headaches . 

With a complete electrocardiographic examination, at 19 days 
of flight, in the CDR-1 at the left chest contact points (Y 2 |-Yg) 

a shift in the ST segment was observed below the isoline at 0.5- 
0.8 mm, and also flattening of the T wave which acquired a 
symmetrical shape. These changes, apparently, can be reevaluated 
as signs of metabolic disturbance of the myocardium. Prom the 
26th to the 31st days, the changes indicated became more noticeable. 

We recall that approximately in this period, the CDR-1 noted 
worsening of his feelings of well-being and undesirible sensa- 
tions in the heart region. The dynamics of the EKG in the CDR-1 
made it possible to [words illegible in the original text] so / 17 
that he began to develop [word illegible in the original] changes 
in the myocardium at the end of the flight, although the clarity 
of their expression was very Insignificant , 

Electrocardiograms of the members of the second crew hardly 
differed from their preflight electrocardiograms. 

A functional sample with the creation of negative pressure 
on the lower half of the body (LBNP) , in the opinion of the 
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cosmonauts, transferred well in flight; however, members of the 
second crew evaluated the effect of LBNP as stronger than that 
on Earth. 

Reactions of the cardiovascular system to LBNP in. the CDR-1 
and CDR-2 were average: the pulse rate increased maximally by 

22i, the s.tr:olce volume decreased by 39^, arterial pressure was 
hardly changes (see Tables l8, 20). 

In the OBE-lj a sharp decrease in transferability of this 
sample was noted especially at the end of flight. The rate of 
cardiac*'-contractions at the time of LBNP in him exceeded the 
initial by 64^, and the systolic ejection decreased by 63^ (see 
Table 19). 

In the 0BE-2j reactions to LBNP at 12 days of flight also 
was clear: the PCC increased by 45^, a decrease in peripheral 

resistance of the blood vessels and the rate of propagation of 
the pulse wave according to the aorta was observed (see Table 
21 ). 


Studies of the physical work capability (4-minute run on 
the "running track" at a rate of l60 — [word Illegible] steps 
per minute) showed that in the first crew, it was maintained 
at an adequate level and as the length of flight Increased, it 
did not change significantly. Only at 40 days, in the OBE-1, 
did one observe signs of a decrease in physical work capability; 
immediately after running, the rate of cardiac contractions in- 
creased by 87^, and the systolic ejections decreased sharply. 

r — 

Apparent ly, also reactions to load ) tests \ (LBNP and 

jtests with. - It he physical load), in the OBE-1, there was evi- 
dence of a gradually increasing asthenia due to the factors and 
conditions of flight. 


Biochemical studies of blood samples taken during flight and 
returned to Earth supported the Increase in concentrations of 
urea in the blood observed in previous flights. Changes on th e 
part of the phosphorous fractions of the whole blood were j 
noticeable which can be considered as an indirect I ndication of 

unchangeability of the content in the blood of pl2> 3- , 

phosphoglyceric acid, which has considerable meaning for pro- 
viding a normal function of the hemoglobin. 

Changes in the uniform elements (with ordinary microscopy) 
and also changes in the blood formula were not observed. 

On the orbital Salyut-5 station, first in the Soviet Union, 
an experiment was carried out in studying the dynamics of change 
of body weight in space flight. 


Prom the data presented in Table 2, 


it follows that the 
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basic loss of body weight, as was true for the American astro- 
nauts, develops in the initial stage of space flight; after this, 
the indices of body weight are maintained at a fairly stable 
level. Clearer changes in body weight in members of the first 
crew are, obviously, one of the manifestations of asthenia which 
developed on a background of fatigue and lack of sleep. Due to 
the frequent manifestation of headaches in the on-board engineer 
at the end of the flight, his appetite decreased which also was 
expressed in a change in body weight. 


TABLE 2. DECREASE IN BODY WEIGHT IN FLIGHT (KG) 

Crewmembers Days of flight 


14 7 13 17 21 30 3'4 ; 45 


CDR-1 

— 

- -5.34 

-4.57 

-6.19 

-6.' 

OBE-1 
CDR-2 
QBE- 2 

-1.-61 
-2. 24 

-2.94 

- 2.67 -2.6 

-2.81 -2.59 

-3.2 -2.75 

-2/69 

-4.- 


An analysis of results of experiments in studying sensitivity / 19 
of the vestibular apparatus to pulse galvanic current showed that 
in all the cosmonauts this sensitivity decreases in flight. Taste 
sensitivity of the tongue was practically unchanged which is sup- 
ported by the opinions of the cosmonauts as to the food rations 
and drinking water (evaluations were not made preflight). 

Completing presentation of medical data of the observations 
and studies in flight, one should note certain psychological i 
nuances. As has already been pointed out, the crews worked with 
high efficiency which could lead and actually did lead to fatigue. 

On such a work background, there had to be high stress and there- 
fore the least disorder of the equipment or imprecision in ground 
control of the flight caused greater reactions although the cosmo- 
nauts attempted to "stay in the framework." 

As a result of peculiarities of the sensory background, the 
monotonous character of the external medium and ecological factors, 
a compensatory increase in sensitivity to sensory and ecological 
factors develops (one blows here, there is a noise there, tepid 
water, uncomfortable attachment, unpleasant color, etc.),. 

An attempt to solve this conflict situation is carried out 
by increasinggradio exchange with Earth, particularly in trans- 
mitting a mass of questions to the control group ("so that those 
on Earth can also /rack their brains," or "in order to inform 
everyone that itils.Tgettip^g light").. In the first crew, toward 
the end of the flight, an increased se|i'sitiviey was apparent 
toward evaluation of their work, clear' expectation of approval. 
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praise, and also the desire to complain, "cry on someone’s 
shoulder," although these complainijs were presented in a joking 
manner. At the end of the working day, hypochondrlc features 
were apparent. All of this indicated an accumulation of fatigue 
and the proximity of exhaustion. 


Results of Pdstflight Examinations 

The landing of the first crew occurred at night. Before 
arrival of the search group, the cosmonauts themselves, although 
with considerable difficulty, got out^ of the spacecraft, not 
blowing up their prophylactic suits (,lPS). During examination 
by a doctor of the search group (after ^0 minutes) they complained 
of pronounced weakness, could stand with difficulty only with an 
inflated IPS. They ate and drank with satisfaction. 

The pulse rate immediately on encounter was: CDR-1 — 96, 

OBE-1 — l46, after a 10-minute rests lying down — 84 and 86, and 
in the helicopter going to the base — 80 and 84 beats/min; arterial 
pressure was 150/105 and 110/90 mm mercury column, respectively. 

The second crew left the spacecraft also Independently 'and 
also without using the IPS. During examination at the spacecraft, 
the pulse rate of the CDR-2 was 98, of the OBE-2 — 96 beats/min; 
arterial pressure lying down was 110/70 and 115/75 mm mercury 
column; submuscular temperature was 37.0° and 36.1°, respectively. 
Thirst was average. 

During examination at the cosmodrome, symptoms of asthenia 
and fatigue more marked than in the first crew was noted in all 
the cosmonauts. There was a decrease in the perimeters of the 
thigh and shin and a large loss of weight (more than any of the 
other-r?Soviet cosmonauts) in the CDR-1 and OBE-1 (Table 3). 


TABLE 3. CHANGE IN BODY WEIGHT AFTER FLIGHT / 21 


Crew 

. Pre- 

Deficit 

on day 

Dynamics of weight postflight 

member 

flight 

of landing 






kg 

% 

0 4 

l'4 

30 

CDR-1 

7'8.8 

7.3 

10.0 

71.5 75.5 

77.0 

78.4 

OBE-1 

77.0 

6. 6 

9.1 

70.4 74.2 

75.0 

76.9 

CDR-2 

76.0 

3.5 

4.6 

72.5 74.7 

75.-5 

78.5 

OBE-2 

65.3 

3.9 

6.0 

61.4 62.-8 

63.3 • 

64.7 


i'ctiuvRep every time for these indices was, as a rule: fairly 

rapid increase in the first three days postflight and then a 
slower recovery. By the l4th day, only the CDR-2 had regained. 
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his weight and hy day 30 he even exceeded It by 2.5 kg. In the 
other cosmonauts j afiter l4 days, the weight deficit still amounted / 22 
to from 1.5 to 2.0 kg (OBE-2) and on the 30th day only the OBE-2 
had not regained his weight (specially limited diet). 

The dynamics for recovery of the perimeters of the thigh 
and shin were similar: on the l4th day, the deficit amounted 

to 0 . 5 — 1.0 cm in the second crew and 3 . 0 — 1.5 cm in the first; 
by the 30th day, the size of the perimeters had practically re- 
gained preflight values and sometimes even exceeded them by 0 . 2 — 

0.6 cm (OBE-2 and CDR-2). 

As has been indicated more than once, such a character of 
change and recovery of weight and perlm^ers of the lower ex- 
tremities indicates that the decrease in weight in flight comes, 
basically, from loss of water; however atrophic changes of the 
muscles are Important. The latter once again point out the in- 
adequacy of physical load onboard, especially for leg muscles 
inasmuch as the muscles of the arms have a fairly good load and 
their characteristics are almost unchanged (Table 4) . 

It is natural that as in preceding flights j a good deal of 
attention was turned to a detailed study of the condition of the 
cardiovascular system. 

The general characteristics of frequency of cardiac con- 
tractions and arterial pressure at rest with therapeutic examin- 
ations after flight are presented in Table 5. 

As is apparent from the Table, in the CDR-1, in the first 
days, obvious hypertension was observed; however, he was the 
only one capable of standing without the BPS immediately after 
the flight. The other cosmonauts, in the first hours after 
landing, could not sit for long much less stand (although they 
could walk without assistance). Recovery of the Indices oc- 
curred spasmodically and on the l4th day they had practically 
returned to preflight levels; however, a certain instability, 
lability both in pulse and in arterial pressure was observed up . 
to 30 days and possibly longer. 

Study of the systen^c/ blood circulation makes it possible / 24 
to evaluated in more detail a series of Indices which character- 
ize the state of the cardiovascular system. The data of this 
examination presented in Tables 6 and 7 indicate that after 
flight, in members of the first crew, all of the parameters of 
arterial pressure were increased including such a stable parameter 
as mean dynamic pressure (AP^^); the tonus of the elastic and 

muscle-type vessels (V^ and V^) and specific peripheral resistance 

(SPR) were increased. At the same time, cardiac ejection (stroke 
index — SI) decreased and the period of expulsion (PE) shortened 
significantly. 
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TABLE 4 . CHANGE IN PERIMETERS OF THE THIGH, SHIN AND SHOULDER 


Crew 

member 

Part of 
the body 

Preflight 

(cm) 

Dynamics of 
flight 

the perimeter in post- 
days in cm 




0 

4 

14 

30 


thigh 

55.6 

-5.7 

-3.7 

-3.0 



CDR-1 

shin 

35.9 

-3.6 

-2,7 

-1.7 

- 


shoulder 

29.5 

-1.5 

- 0.1 

+ 0.1 

- 


thigh 

55.4 

-3.9 

-3.3 

-2.2 


OBE-1 

shin.' 

36.6 

-3.5 

-1.8 

-1.4 

— 


should er 

29.2 

-2.3 

-0.2 

0 

— 


thigh 

52.1 

-1.9 

-0.9 

+0.1 

+0 . 6 

CDR-2 

shin 

38.0 

-2.3 

-2.0 

-1.0 

-0.4 


shoulder 

27.6 

-0 , 6 

0 

+ 0.1 

+0.2 


thigh 

49.5 

-1.5 

-1.3 

-0.5 

-0.5 

OBE-2 

shin 

34.2 

-2.2 

-1.8 

-0.4 

+0.2 


shoulder 

26.5 

-0.3 

0 

+ 0.3 

+ 0.2 


2 1 




L Such shifts indicate a certain discoordination of the cardio- 
vascular system, change in its re^'^^vlty^ transition to 
another level of functioning ' w'ithmore stress, irrational for 
ground conditions. 


In the members of the second crew, changes were less pro- 
nounced and they were observed mainly in the CDR- 2 . In distinction 
from the members of the first crew, vascular tonus was decreased 
in the CDR -2 and OBE- 2 . 


Normalization of the cardiovascular system conditions oc- 
curred spasmodically. Most of the indices reached preflight 
values by the 3rd^-6th days, but arterial pressure was elevated 
in the CDR -1 and CDR -2 for l 4 days, and the CDR -1 even on the 
36th day. Apparently, the changes in regulation of vascular 
tonus in the CDR -1 caused by asthenia and neurotic stratification, 
were fairly deep. 

The results of studies with different types of load which 
cause an increase in requirements for the cardiorespiratory' 
system are even more indicative. 


Physical Work Capability / 27 

1 

On the third day postf light, the first crew underwent a ^ 

physical load on the bicycle ergometer in a (r ecu mbe nt position. Po wer 
was 600 kgra/min at 60+5 rev/mln, duration 7 min. Both cosmonuats 
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- TABLE-5-j — T-HS-^Y-J^AM-IGS-©jP-;:?REqiffi}Kr^-e^?j-e-AS.B5'A0 veMiRACifONS-AND 

ARTERIA I^gR ESSUM_ AT R EST AFTER FRIGHT . 

;'_EQSJ= <_CBEH; ^PRERLIG HT ^ DAY.*^ flffTKR PT.TfiH'P 

TION . MEM-, 1 ■ 

BER^- • 5iMZ) 12 3 6 1^4- 

! 'COR-r 56-60 li 72 72~56 60 60 

“.-'r”--'- - -48-50 116 ■ 72 60 52 60 50 ' • 

Piffi^UE^ ®~CDE-2 . ■ 70-72 • 100 ■ 84 SO 76 80 72 

CO NTRA^IO N S °^.g.-2 ' 60-62 100 96 68 64 72 68 

tre aWj i am .. cdrVi 60-64 80 80 72 64 64 60 

j Sj^_ - 5g_gQ J20 - 76 76 60 64 

78-80 . • - •• 96 84 84 84 80 

OBE -2 ■• 62-64 . - - 108 80 , 72 . 96 72 


C^R -I 

• 62-64 .104 

88 

88 

64 

72 

- 

..•obe!-i‘ 

68-76 

. - 

104 

76 

100 

— 


■ 80-84 ■ - 

108 

100 

92 . 

II2 

88 

■OBE’ -2 

66-70 - • 

124 

• 92 

80 

100 

80 


CDR.-I ‘120/80 I30/I05 120/80 DO/ 120/ 120/ 
.i . - .... - 70 80 80- 


OBE‘-r 115/70 110/90 120/80 118/ 120/ 110/ - 

LY-- . ■ 70 70 70 

!iNi^cpR’~2 105/70 • ID/85 120/75 105/ 105/ 115/ 115/70 

. . " •/ - • • -70 70 70 

i ■ •- obe -.2 ID/75'. ID/90 120/80 120/ ID/ ID/ 110/80 . 

miD— mencury .. - - . _ . _ • ... , 

cQiunin_‘ CDR-i. 120/80 D0/I20 115/72 140/ 120/ 120/ 120/70 

- 120 88 84 

■ siii’P.BE -I ID/70 . 100/85 - 118/ 104/ 108/ 110/75 

TilHG .... . 90 76 84 

•• -'CDR.-E' 105/80 - ID/85 100/ 105/ 115/ 120/70 

70 70 70 

OBE '-2 . /II0/80 . - 110/80 110/ 120/ 110/ 110/80 

. 'v ■ • 80 80 SO 

• • ’ ■ . -CDR:-I , ID/80 I20/IOO DO/90 140/ 128/ DO/ " 

K----.. 90 96 80 

. obe :-i,. ' 110/80 - 110/ 110/ 104/ - 

! . - 90 80 80 ' 

®^^CD.R :-2 105/80 ■ - 120/90 100/ 105/ 110/ IIO/SO 

i . 80 80 80 

obe -2 110/80 - 105/90 110/ 105/ 100/ HO/80 

■ - • ■ .85 -80 
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^ABLE 6] 


DmMICS. OF BASIC INDICES OP THE BLOOD crac.UMTI0.Nr5 IS TEM OF THE -MEMBERS OP 'THE-pIRST 
CREW IN jCpNpiTIONS.QF. QPmTIVE_RES!t IN .A_flEGUMBENT POSITIOT. ' 


V 

INDICES 




CDR-l- 





bBR~l >' 

• 



1 

PRE-.;- J 
PLlQHT 


. DAIS AFTER FLIGHT 


pRE=_r.> 

plight; 

' _ DAIS AFTER PLIGHT 


I 

3 

5 

» 

• 7 i 

14 

36 . 

I 

5 

5 

•? [ 14 

36- 

FGC 

60 

59 

56 

58 

66 

63 

62 

49' 

75 

55 ■ 

60 

53 

54 

43 

PE;' ■ • 

..870 

240 

280 

280 

■270 

260 

280 ' 

290 

230 

260 

260 

275 

290 

280 

^Irab . 

'155 

135 

140 

145 

145 

145 

145 

125 

127 

D5 

130 

130 

130 

130 

' ■■ 

no ■ 

125 

125 

125 

130' 

120 

120 

no 

112 

125. 

105 

120 

105 

115 

A'?[u[ ‘ . 

85 

100 

105, 

• 90 

100 

100 

9.8 

85 

95 

100 

80 ^ 

90 

85 

95 

APa . 

70 

75 

75 

75 

■80 

■85 

80 

75 

70 

"SO 

75 

75 ' 

63 

75 


9.3 

II. 8 

9,3 

9.3 

9.5 

10.8 , 

9.3 

6.7 

8.8 

7.1 

7.1 

7.1 

8,1 

7,6 

•. ; 

5.6 

9.0 

6.5- 

7.5 

6,9 

’7.5 

7.5 

5.6 

6v4 

6.0^” 

6.0 

6,0 ' 

6.4 

6.0 

SI 

51 • 

34 

53 

50 

55 

32 

41 

46 

41 

49 

34 

52 

■ 49 

45 

Syl 

3.1 

2.0 

2,9 

2.9 

3.6 

2.0 

2.5 

2.3 

3,1 

2,7 

2,0 

2.75 

2,7 

1,9 

SPR""i 

27. 

50. 

• 36 

31 

28 

50 

39'. 

37 ■ 

31. 

*»», 

37 

40 

» ” ■ 1 

32 

31 

50 
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TABLE 7, DYNAMICS- OP- THE INDICES OP SYSTEMMIC BLOOD CIRCULATION IN 'MEMBERS 'OP'YHE,' SECOND CREW 
' ^IN-CONDI-T-IONS-OP-'OPERATUVB-REST-ANDvAvLYINQ POSITION! 



' . LcDR=a ‘ , j 

loBE-aJ ' . 

IMDICHS 
, ‘ 1 

I^REPLrOp 


DAYS AP;TER' FLIGHT - ' , 

PhEPLIGHT-, ■ 

*■ days’ ^ter" plight ■ 

i 

L . < 

I 

3 

6 

14 

:'L — : 

I . 

3 ■ ! 

6 i 

14 

\ 

PCC " 

W. . 

79 

86 

. 99 . ■ 

86 ' 

. 59 

88 

77 

79 

65 

PE ^1 

260 

240 

250 

240 

250 

260 

230 

240 

230 

260 

A?, .1 

130 ■ 

130 

125 

128 

145' 

130 

125 . 

130 

130 

120 


no 

no 

115 • 

no 

•120 , 

120 

II5 

no 

no 

no 

;ap‘ ~ ; 

95 

100 

95 

■ 90 

105 

100 

100 

100 

100 

95 


75 

"85 

85 

75 

85 

• •80 

85 

85 

' 85 

75 

•V' 

9.3' ;■ 

8-6 

8.0 

9. -3 

9.3 

9.5 

9.5 

9.5 

7,6 

9.5 • 

VI . 

7.3 

6.3' 

6.3 

6.3 

7.3 

7.5 

6.4 

7.5 , 

6.0 

7.5 

si„: 

37 ' . • 

27 

36 . 

42 

42 • 

37 

33 

'28 

27 

34 

■Syl'l 

2.8 

2.2 

3.1 

3.9 

3.6 

'2.2, 

2.9 

2.1 .• 

2,2. 

.2.2 



45 

31 

23 • 

29 

, -45 

34 

■48 . 

. '^5 

43 

I spii. ' 

• 



• 
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successfully completed the test, however, with considerably more /27 
stress and less efficiency than before the flight: there were 

higher indices of cardiac contraction frequency, arterial pres- 
sure, minute volume of breathing, but then the "oxygen pulse" 

(OP),, on the other hand, was decreased especially in the OBE-1; 
differing from the commander, the demand for oxygen (VO^) was 

decreased during work (see Table 8). In the recovery period, 
the frequency of cardiac contractions and breathing was also 
higher but on the other hand the oxygen pulse decreased even 
more. On the EKG for both cosmonauts, there is a noticeable 
decrease in the T wave in comparison with the preflight data; 
for the OBE-1, a pronounced decrease in the size of the T wave 
in comparison with initial data before the beginning of the 
study is true. Recovery of pulse and amplitude Indices of the 
EKG was slowed down. 

A similar decrease in transferability of physical loads 
was observed in the second crew (Table 9). As an example, 
let us also introduce the results of a functional test with a 
4-minute run on the KTP at a rate of l60 steps per minute 
which was carried out on the 4th day postflight (Table 10). 

As is apparent from the Table, during such a test load, 
higher PCC were observed, lower sizes of stroke and minute 
volumes of the blood and delayed recovery of indices after load. 

Recovery of physical work capability occurred gradually. 

On day 6, the level of physical work capability remained prac-? < 
tically the same as on day 3* The preflight level was achieved 
only after 30 days. 

Before the flight and for the ten days after flight, the / 35 
cosmonauts of the first crew were examined for physical work 
capability using an echocardiograph at the All-Union Cardio- 
logical Scientific Center (Table 11). 

Before flight, there was noted in the CDR-1: average 

expansion of the cavities of the left ventricle and operative 
hypertrophy of the myocardium, under load — a decrease in the 
volumes of the left ventricle (sympathetic stimulation), for a 
10-minute recovery — a hypercompensatory phase. 

For the OBE-1 preflight, no peculiarities were noted in 
the myocardium and heart cavity — an increase in the volume of 
the left ventricle, at 10 minutes — full recovery. 

After flight, in both cosmonauts, a decrease in diastolic 
volume of the left ventricle was observed and an increase in 
thickness of the wall and mass of the left ventricle. In t'he 
OBE-1, also, an increase in the limb-systolic volume, a decrease 
in stroke ejection and fraction of ejection (systolic and 
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table :8, .CHANQE IN INDICES OP THE CARDI0RSSPIRATORY-SYSTEM' DURING' STUDIES WITH PHYSICAL. LOAD ON 

THE' BICYCLE ERGQMETER iCpR-l^CVg^^ 


t. 

'INDICES 

BACK^ ; 

ground' 

'■ 


« M _ 

.. i-PAD 

. - _ 

• • 

■ 1' 

w • 

RECPYP^ • 

. . 


!• 

2* - 

3» 

4‘ 

.5* 

6* 

V 

2‘ 

4’ 

6* 

10 » 

I 

2 

3 

4 ■ 

5 

- 6 

’ 7 

‘ 8 • 

_.9 

10 ■ 

II 

12 

13 

FCC* i 

56 

83 

90 ' 

88 . 

98 

92 

90 

93 

66 

59 

60 

'57 


60. 

85 

98 

102 

103 

108 . 

108 

no 

82 

78 • 

69 

70 • 

iRH- 

14 

14 

II 


12 

'"12 

"12 

14 ' 

II . 

10 

■ II 

12 


13 

10 

12 

10 

13 • 

■12 ‘ 

15 

14 . 

12 ■ 

P 

14 

13 

MOD" 

9.9 

I7.I 

23,4 

25.4 

26 .V 

•27.1 

26.7 

28.9 

19. 1 

9^8 

10.7 

9.8 


8.9 

19.0 

21,4' 

25.8 

29:7 

28.1 

29:3 

30.7 

18.6 

II. 6 

10.5 

10,4 • 

VOo 

310 

?496 

1076 ■ 

1092 

1335 

1555' 

1308 

1445 

' 726 

"314 

'553 

' 323 

* M 

312 

722 

1049 

1367 

1544 

1377 

1465 

1474 

707 

360 

336 

385 

VcOo 

267 

410 

983 

1270 

iiii 

'1382 

1362 

1446 

802 

363 

332 

275 

c. 

258 

665 

963 

1316 

1544 ■ 

1423 

1494 

1504 

781 

,585 

315 

322 

OP ; 

5.5 

6.0 

12.0 ■ 

12.4 

BTe " 

14.7 ' 

14^5 


II ,0 

5,3 \ 

5-9 

5.7 

• 

5.2 

. 8.5 

10,7 

13,4 

14.5 . 

12.7 

•13.5 

13.4 

8.6 

4.6 ■ 

4.8 

5.5 

aV, V 

155 




• ' • 




155 

145 

145 

135 

Imb 

155 

• 




, . 


. . 

160 

160 

ISO 

140 


75 






■ 

• 

75 

70 

70 

70 

in 

80 








80 

80 

75 

75 

w, ■ 

750 








900 

III3 

III3 

900 
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diastolic dl-lations . of the left ventricle ^ decrease in contractile 
capability of the myocardium) were observed. Moreover, an in- 
crease in the left auricle, a decrease in amplitude and rate of 
motion of the mitral valve were observed. According to the re- 
sults of echocardiographic studies, one can conclude that as a 
result of space flight, the cosmonauts developed diffusive 
changes in the myocardium, a decrease in tonus of the cardiac 
muscle and contracfeile capability of the myocardium. 

Echocardiographic studies were not carried out on the 
second crew. 

Evaluating the physical work capability of the crews as a 
whole, one cani' say that that of the CDR-1 decreased less than in 
the crew which made a 63 -day flight; in the OBE-1, it was ap- 
proximately to the same degree as in this crew. The decrease 
in physical work capability of the members of the second crew 
did not differ from manifestations observed after preceding 
flights of similar duration and complexity. 


Postural L'o ads 


As usual, after flight, the orthostatic stability of all 
the cosmonauts was decreased. It was a particularly pronounced 
decrease of orthostatic stability in members of the first crew. 

After 15 hours after landing (immediately after the first 
night’s sleep) the CDR-1 with great difficulty completed the 
active orthostatic test (standing in a position of "attention" 
for a period of five minutes). For the OBE-1, the test was 
stopped after one minute because of development of a pre-collapse 
state. 

On the second day, a passive orthostatic test was conducted 
on a rotating table. For the OBE-1, it was stopped after 5 
minutes due to the development a pre-collapse state (pallor, 
weakness, reduction of pulse, cold sweats). The results of 
studies of systeml-d blood circulation during the passive ortho- 
static tests are presented in Tables 12 and 13 . H'ere the IIOS — 
the Integral index of orthostatic stability, is given in con- 
ventional units: ,'[l!OG-86 — outstanding stability, 85-71 — good, 

70 - 56 — satisfactory, 55--41 — decreased, 40 and less — poor. 

The dynamics of recovery of orthostatic stability according 
to this Integral index are presented in Figures 3 and 4. 

Recovery of OS, like resistance to other load effects, oc- 
curred spasmodically. Then in the OBE-2 and particularly in the 
OBE-1, it recovered slowly. In the OBE-1, even at 36 days, the 
OS was noticeably decreased. The basic mechanism of poor trans- 
ferability of the postural effect in him was disorder 
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of regulation of tonus of the arterial blood vessels and the 
vessels of the head. Apparently, changes occurring in flight 
in regulation of vascular tonus had been fairly stable in him. 


Antlorthostatic Tests 


The ' postural test lying in a position with the 

head below the feet is conducted in order to study restructuring 
of regulation of the vascular tonus of the head after flight for / h2 
compensation of the redistribution of the blood in the upper 
half of the body. As is well known, in weightlessness one ob- 
serves overfilling of the vessels of the chest, neck and head 
with blood; then, in the opinion of the cosmonauts, the feeling 
of fullness of the head with blood gradually decreases. It 
would be interesting to find out whether or not this only in- 
volves getting used to, that is, whether or not it Is a purely 
subjective sensation or does the vascular tonus of the upper 
half of the body change decreasing the flow of blood in this 
area of the vascular channel. 


In prece ^ng flights, it was pointed out that the tonus of 
vessels of the head increases. This made it possible to develop 
a special system of preflight training In order to "prepare” the 
vessels of the upper half of the body before the flight for the 
expected change in pressure. The indicated training is still 
optional, .I'that is, an optimum regime has not yet been found. 

The first crew trained very little (5 — 8 training periods) 
and the effect of training was very pronounced on the CDR-1 
whose initial stability in an antiorthostatic position was lower 
than that of the OBE-1. 

After the flight, many of the indices of the blood circulation 
system in an antlorthostatic position (AOP) became close to the 
indices in a horizontal position (HP), in particular, the stroke 
index, the mean lateral arterial pressure; besides this, the 
tonus of the vessels Increased (Table l4). Then, these shifts 
are more pronounced in the OBE-1 in whom stability to AOP was 
higher in the preflight period than it was in the CDR-1. Such 
dynamics attest to restructuring of regulation of the blood 
circulation system directed at compensation of redistribution of 
blood to the head. 

At the same time that the system^cc hemodynamics gradually 
recover and af ter two weeks, it practically returns to the pre- 

fllght\^ (level, reaction'^ to AOP on day 5 was Increased in 

comparison with day 1. Even on day 36, it was still pronounced. 

This attests to the fact that changes in regulation of blood / 44 

circulation of the head after flight are more stable than changes 
in the systemic hemodynamics. Possibly, such stable changes of 
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hemodynamics of the head involve not only functional but also 
morphological restructuring of the vessels. 

In members of the second crew, stability toward AOP after 
flight changed insignificantly (Table 15). 


/45 


TIBLE 15 . CHANGE liN^JNDXCES-JDJLJBLQQD-JaXRimLAT^^^ IN AN ANTI- 
ORTHOSTATIC POSITION OF A POSTURE TEST AND RELATIVE REACTION 

TO AOP ON DAY I POSTFLXGHT _ _ _ 
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In truth, they had a significantly shorter time period for flight / 44 
and also a larger quantity of preflight training (24 for each 
cosmonaut ) . 
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This question requires further study, that Is, pre~Hara. not/ 

Vy et found the ": preclse relationship between stability to 

AOP and clearness of the sense of fullness of blood in the 
head including such undesirable manifestations as headaches. 

At the same time, most of the cosmonauts report positively on 
training sessions for AOP and in the first days after flight 
preferred to sleep without pillows. During tests with AOP, they 
clearly indicate the angle of slope of the table at which the 
feeling of fullness in the head is comparable with the flight. 
Prom day to day this angle decreases in some earlier and in 
some later but usually after 5 — 7 days it is at zero. 


Rheoencehpalography 


The dynamics of blood circulation in the head and also the 
condition of vessel tonus of the brain were traced using a REG. 

In the CDR-1, postflight, the REG showed hypertension re- 
actions. In the OBE-1, in whom the tonus of the vessels of the 
head in-flight was singularly changed (see above), in the first 
days postflight, asymmetry of hyperemia and vascular tonus of 
the cerebrum hemisphere jwerel ob served on a background of total 
decrease of tonus of the head vessels. Recovery also had a 
sporadic character and on day 3 , the changes indicated were 
even more pronounced than on the first day (Table l6 and 17). 


LBNP 


/i}8 


As was indicated above, in the opinion of the cosmonauts, 
the test with negative pressure on the lower part of the body in 
flight transfers well. The reactions of the cardiovascular 
system to LBNP in the CDR-1 and CDR-2 was average: the fre- 

quency of cardiac contractions increased almost as it had pre- 
flight, arterial pressure was almost unchanged, stroke volume 
of blood was somewhat decreased (Tables 18 and 20). 

In the OBE-1, transferability of the tests with LBNP in 
flight, decreased noticeably from test to test. This was no- 
ticeable with a more pronounced increase of FCC, a decreased 
stroke (and sometimes minute) volume of blood,, and by a de- 
creased pulse pressure (Table 19). Some limitation of compen- 
satory possibilities of the cardiovascular system on LBNP was 
observed in him before flight. 

Somewhat more marked than on Earth, with the reaction to 
LBNP in the OBE-2 on day 12 of flight (Table 21).: a significant 

increase in the pulse rate, decrease in peripheral resistance 
of vessels and propagation of the pulse wave along the aorta. 

After flight, on the day of landing, a decrease in 


39 



Jr- 

O 



X6. CC«. 0. 0Pm.XVE RES. 1„ » 



N. 

I-Cr 

!o\ 


SB 






TABLE 1 8 . RESTIIACS-OJ'„.TESTS-Vm;H..LBN£-ON-JTHe-CDK-~l— (yOLgNQV B . V . ) 


TIKE 

mDJEX=;^BACK^- 

NEGATrVE“PRESSURE7 

■; 

■ RECO-VER-Y- 


— 

- 

PERIOD 

TvnvT-itTTfT?nTTRv—nnr7TNnir" 





uROTTnit 

25 25 35 35 

35 

I 2 

3 

4 

5 

I 

2 3 

4 5 6 7 

8 

9 10 

II 

12 

13 


.TREFLIGHT” FCC 

54. 

53 

53 

55 55 

55 

53 

51 

53 

51 

51 

— aTmin. 

•67 

68 

66 

67 ’68 

70 

63 

64 

• 66 

63 

60 

.Mirrr~' 

86 

84 

82 

83 ;S3 

86 

84 

82 

82 

83 

' 86 


no 

104 

103 

o 

M 

lOI 

106 

105 

no 

107 

in 

LIE®" 

BO 

122 

122 

123 122 I2I 

D2 

BO 

BO 

128 

BO 

“POES— 

• 43 

36 

■ 37 

36 35 

■31 

43 

41 

44 

44 

51 

sr— 

102, 

89 

91 

86 80 

68 

102 

97 

105 

104 

120 

^r~i 

5,5- 

4*7 

4*9 

4.7 4,4 

'3.7 

5.4 

5.0 

5.5 

5.3 

6*2 

INFLIGHT'’ . 











mT"I4 FGC"' 

50 

54 

54 








"AP-HINT 

70 . 

71 

• 








MID-.-'- . 

96 

100 









EATTf^ 

B2 

122 









... ■ - CIMB“ 

153 

143 

. 








■PUES" 

62 

-5I 









- 


- 









M\P“ 











mY“'i} 5 — pc'c 

53 

59 

60 

61 63 

65 

66 

83 




'AFTOTT 

67 

70 

68 

. 70 65 

66 

65 

.65 




MID~ 

92 

95 

- 95 

97 98 

99 

106 

95 




lattj 

I2I 

II5 

II8 122 120 

120 

120 

XI8 




CIMB“ 

147 

140 

B5 145 146, 

. 140 

145 

152 




. ' 

54 

45 

50 

:52. 55 

’54 

55 

53 




SV 





» 

















■pOSTPLIGHT’ 


f 







- 


D'AT "g" ' FCC 

55 

53 

52 

55 54 

53 

52 

50 

66' 

49 

49 

“Kp-Mirrr 

53 

53’.‘ 

53 

52 54 

55 

50 

54 

52 

53 

53 

MIDT— ’ 

81 

80 

76 

82 83 

81 

79 

80 

80 

78 

78 

7. lA^: - 

103" 

102 

98 

100 102 

105 

105 

106 

100 

102 lOI 

LIMB 

125 

120 

I2I 

I3I 120 

120 

128 

125 

124 

122 125 




^2 



I 

2 

, 3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 


. PULS ' 

■50 

49 

45 

48 

-48 

50 

55 

52 

48 

49 

48 



103 

103 

102 

105 

105 

104 

II9 

120 

I2I 

II4 

II6 


]vn^_” ■ 

5,7 

5.5 

5,5 

5.8 

5.6 

5.5 

6;2 

6.0 

8.0 

5,6 

5,7 ■ 



59 

62 

64 

■ 66 

64 

64 

56 

54 

54 

53 

54. 


•AP_MIN,_ 

. 63 

65, 

65 

66 

65 

75 

64 

63 

64 

65 

65 


MTD. - 

90 

94 

84 

89 

89 

96 

92 

88 

83 

92 

95 


LATT" 

II3 

II2 

95 

100 

102 

II4 

II2 

118 

no 

I2I 

II4 


lt;mb' ” 

132 

128 

II6 

125 

120 

122 

145 

138 

128 

150 

132 • 

^ , 

P.ULS- 

50 

- 47 

30 

54 

37 

32 

48 

55 

46 

56 

49 

' 

sv - ■ 

BO 

. 92 56 

67 

71 

70 

II9 

140 

II5 

157 

120 

- 

MV‘ 

7.6 

5.7 

3.6 

9,4 

4.6 

4.5 

6.7 

7,5 

6.2 

7.2 

6,5 

mY“T7“- 

— FCC 

62 

61 

63 

64 

64 

63 

■ 61 

59 

57 

56 

57 



AFWIU:' 

60 

■ 58 

61 

55 

59 

.64 

55 

65 

57 

58 

56 


FrlTT. ■- 

95 

94 

92 

90 

■ 95 

94 

■ 90 

93 

98 

94 

94 


LAfV' 

II5 

IIO- 

no 

105 

IG5‘ 

109 

II2 

120 

118 

II6 

115 


L’IMB" 

142 

153 

130 _ 

122 

B2 

130 

I^^6 

I4I 

150 

145 

142 


POLS 

56 

’52 

49 

50 

■ 46 

45 

57 

55 

61 

58 

59 


SV__“ 

134 

122 

III 

125 

II6 

I2I 

154 

126 

148 

BO 

142 

' 


8.2 

7.5 

7.0 

8,0 

7,4'7,6 

9.4 

7.4 

8,5 

7,3 

8,1 


43 



/51 


TABLE la.; .RES ULTS OF TESTS' WITH' LB MP ON THE OBE- I (ZHOLOBOV, V.M. ) 
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TABLE .2Q, RESULTS' OP A TEST WITH LBNF ON THE CD R>'2 . (GORB ATKO, V .V. ) 
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transferability of LENT was noted in all the cosmonauts and a 
parallel to orthostatic stability was detected. Like worsening 
of orthostatic stability the decrease in transferability of 
LBNP was particularly marked in the OBE-1. It remained fairly 
marked in him even on day 17 postflight. 

In the OBE-2, the transferability of LBNP was decreased 
up until the end of the first week. On day 1^, full recovery 
had practically occurred both in the CDR-1 and the CDR-2. 


Results of Clinical and Biochemical Studies 




When carrying out clinical and biochemical studies the same 
changes were found which were observed earlier in other crews 
of orbital space stations. 

In blood taken during cosmic flight on days 9» 17 and 38/ a 
certain decrease in the ratio of leukocytes per 1000 er'ythrocytes 
was noted basically due to elements of brain hemopoiesis (neutro- 
phils and basophils). At the same time, a decrease In the quan- 
tityy of thrombocytes was noted i(iby.Hl0-15^ ) and the number of 
reticulocytes was more noticeable (up to 25-'40^). 

Studies of the blood taken after 3-8 hours after landing 
showed a decrease in the size of the hematocrit in the second 
crew and an increase in the first crew. The quantity of reticulo- 
cytes and eosinophils decreased almost by half, the thrombo- 
cytes by 7 - 9 % • The number of erythrocytes was somewhat in- 
creased (obviously, due to a certain thickening of the blood) 
and the amount of hemoglobin changed somewhat differently in 
different cosmonauts (Figure 5). 

In the succeeding days, the readaptation period, the content 
of hemoglobin in the peripheral. blood and the mass of hemoglobin 
in the organism gradually decreased up to days 14-15 (Figures 6 
and 7)* The size of the hematocrit in the first crew members be- 
gan to recover in the second week; in’ the second crew it was only 
in the third week postflight. The number of erythrocytes, after 
the first week, began to Increase and the number of reticylocytes 
in this time period reached- a maximum, that is, a pronounced post- 
flight reticulocytosis was observed (Figure 5)- Then, with a 
shift left (full-reticular and powdered cells), this attests to 
irritation of the brain. 

TThe picture of changes of the hemoglobin and cellular ele- 
ments, especially the reticulocyte, contribute well to the hypo- 
thesis that due to the effect of factors, of space flight, the - 
rate of synthesis of hemoglobin was decreased and, correspondingly, 
the mass of circulating blood was decreased. In^the period of 
readaptation on Earth, the reactive increase In the rate-, of o 
* synthesis of hemoglobin and'^erythropolesis ensued. Due to the 
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'delay in synthesis of the hemoglobin in meeting the requirements 
of the organism for blood, the "reserves" - young reticulocytes 
were ejected. Normalization of the Price-Jo nes blood and certain 
hematological indices ensued in week 3-^ and^of others only after 
1.5-2 months. 

From the large number of indices studied, one should pay 
attention to the decrease in cholesterol in the CDR-2 and OBE-2 
(by 9 % and 7^), and also to the increase on the first days of 
activity of muscular and hepatic enzymes (Figures 8, 9 and 10). 

Also the results of thymol tests were increased. Studies of the 
activity of Isoenzymes 1 and 5 (cardiac and liver) of lactic 
dehydrogenases in members of the second crew showed their large 
relative increase in comparison with the total LDH,that is, the 
increase in activity of total LDH occurred due to isoenzymes. 

In the CDR^2, the shift of_ isoenzyme'. 5_ (hepatic) was more pro- 
nounced Va nd )in the OBE-2 — th e cardi ac enzyme,. 

At the same tlrae, 'like the .activity pf th^ PG.. after a 

week, the LDH \norinallzed~'after 2 — 3„ _we^si_ (the 

activity of sorbltodehydrogenase (SDH) continued to increase 
and on day thirty reached a size of 1.3-1. 8 unit/ml. It is not 
impossible that after 14 days of the readaptation period, certain 
changes in the activity of’ the enzymes were due not only to the 
effect of space flight factors but also to disruption of the 
diet regime. 

As was already pointed out, recovery of body weight occurred 
rapidly in the first 3-5 days (about 64^), and later on recovery 
was slower and took more than two weeks; in some of the cosmonauts 
it took more than a month. This, apparently, is due to atrophy / 63 
of muscular and other tissue: in flight; the increase in the total 
blood proteins and the increase in the concentration cf residual 
nitrogen in the blood indicates this. 

Also, excretion of total nitrogen, phosphorus, sulphur, cal- 
cium, potassium, etc. from the urea Increased. This all, undoubt- 
edly, is due to change in metabolism of separate organs and 
tissues. We are reminded that after space flights, usually the 
content of cholesterol in the blood is decreased (sometimes by as 
much as 20^). In contradiction to this, in members of the second 
crew, the content of cholesterol in the blood was almost twice 
as high as preflight (243.5 mg % in comparison with 124.0 mg % 
preflight ) . 

One should note that in these cosmonauts, in the first days 
postflight, that proteins (Figure 11) granular and hyaline 
cylinders, cells of the renal epithelium and erythrocytes were 
all observed in significant quantity in the urine, that is, 
symptoms of nephropathy were apparent. It is possible that this 
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is closely connected totthe increase in cholesterol in them. 

The dynamics of generation of urine in the CDR-1 and OBE-1 
in the first postflight days indicate that diur.nal and nocturnal 
diuresis are almost identical (Figure 12) particuarly in the' 

OBE-1. This relationship indirectly supports the changes noiDed:-' 
above in the cardiovascular system. 

Excretion of epinephrine and noradrenaline increased to the 
upper limits of the norm and in the first days the content of 
aldosterone was increased. Generation of 17-oxicorticosteroids 
was within ordinary limit s^ but the relationship of separate 
fractions was changed. Marked changes in the nitrogen components 
were not observed. These studies also are new and therefore are 
not adequate statistically. 

Study of corticosteroids of the urine using a thin-layer 
chromatograph indicated an increase in the specific quantity 
of predominant glucocorticoid hormones on a background of de- 
creased generation of non-metabolized steroids; this is involved 
with the relative functional inadequacy. • of the adrenal cortex 
in developing steroid hormones. / 66 


Immunological Studies 

After the flight, in all of the cosmonauts, as before, one 
observed a certain decrease in total and local immunological 
resistance of the organism. Restructuring of the microbe flora 
occurred, simplifying it, but at the same time, the number of 
complex-pathogenic strains increased. A decrease and elimination 
of lactobacill-i and bacteroides was observed in the mouth cavity 
and in the intestine, and also the appearance of intestinal flora 
in the mouth cavity was observed. At the same time, the content 
of Intestinal bacilli and enterococci in the Intestine decreased. 


In the first crew members, a positive reaction was noted 
to the C- reactive protein. In members of the second crew, this 
reaction was negative. 

T he content of immunoglGhulihsnwas increased, especially 
BiT \ Obviously 3 in connection with atropic changes in the 

skeletal musculature and muscles of the heart in the CDR-2, 
antibodies for the m«iocardlum were found, that is, an auto- 
immunological process was observed. In members of the second crew, 
at the end of the fourth week^(by day 28) and in the first crew 
on day 37 (according to immunoglobulins A), the immune system 
was reestablished. 
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'studies made when prepaning and accomplishing flights on the 
Salyut-5 orbital station, and also during the postflight observa- 
tion of the cosmonauts, many data and general principles were 
supported which had been obtained int-previous flights. Also, 
new facts were obtained relating to reactions of long-term 
effect of physical factors of space flight, living conditions and / 6lJ 
stressful work activity. This brought about certain changes in 
the research program including the program of medical observations 
after flight. 

The conclusion drawn earlier as'”td significant restructuring 
of the functional systems due to factors of space flight (parti- 
cularly weightlessness) can be considered correct as a whole. 

A decrease in the reserve capabilities of the organism in flight 
was proven and the importance of strict- observation of the work 
and rest regime was convincingly demonstrated as well xas carrying 
out fully the planned physical exercises. 

However, any questions require further, deeper and more 
detailed studies in order to Increase safety of space flights, 
improve working conditions for crewmembers of spacecraft and 
space stations, maintain health of the cosmonauts well as ■ 
their professional work capability. 
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